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ABSTRACT 

Three fast l ight  sources, a corona lamp, an argon lamp, and a high- 
pressure (190-mm Hg) neon lamp, were tested as possible  sources f o r  i n j e c t -  
ing  a stable l i g h t  pulse i n t o  a photomultiplier tube and thus s t a b i l i z e  
the e n t i r e  phctomultiplier system. 

!Phe commercial corona 1-s t e s t ed  gave a near ly  idea l ly  shaped l ight  
pulse  but  were too unstable i n  l ight output f o r  use as a standard source. 
The argon-lamp system showed good s t a b i l i t y ,  bu t  the l i g h t  pulse has a 
long, low-amplitude t a i l  which introduces d i f f i c u l t i e s  i n  high-gain 
systems. 
tests showing a suitable pulse shape, output, and duration. The s t a b i l i t y  
of the aeon lamp was observed t o  be much b e t t e r  than t h a t  of the  corona 
lamp, and tests a re  planned t o  determine whether it i s  superior t o  t h a t  of 
t h e  argon lamp. 

The neon 1- appears t o  be the most promising source, preliminary 
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It i s  well known t h a t  the gain of photomultiplier tubes changes with 

time, temperature, count ra te ,  aiid magnetic f i e l d .  The author has observed 

gain changes as large as 35% i n  s c i n t i l l a t i o n  spectrometers. Although the  

photomu.ltiplier i s  the most likely source of gain s h l f t  i n  s. given experi-  

ment, it carzict be assumd t h a t  the a n p l i f i e r s  artd the Pulse-heigh'G 

analyzer a r e  coixpletely stz3le, ?ai%icularly if data  imst be accumulated 

over long time periods.  

s tab i l ized  by in jec t ing  a s tab ie  1igLt pulse i n t o  the photomultipller and 

using t h i s  s igml as reference in a feed1:ack loop t,o xaintaii l  constant 

gain. 

pulse:  a corona lamp and an argor, 1 m p  t h a t  w2re developed a t  Lawrence 

Radiation Laboratxryl," artd a moii la3p. 

&never, 'ihe gai:? of 5, comple.t;e system c m  be 

Three f a s t - l i g h t  l m 2 s  were tes ted as p o s s i b k  sources for such a 

The high-voltage pulse g e n e r a h r  ~ s ? d  i n  the ex2erimep-l; wits a Ruggins 

961 S. 
mult ip l ie r  tube, which has a r- ise time of approximately 2 nsec. 

shapes show1 a re  voltage pulses across a 5O-obm anode load. Quoted rise 

and f a l l  times were r,ch corrected f o r  the i n t r i n s i c  l imi ta t ions  of' the  

photomultiplier. 

exc i te  the l i g h t  so-xxes, elec-Lrical shieldir,g i s  no t r i v i a l  problem. 

Double-shielded or solid-shielded cable w a s  used t o  cor rec t  the pulse gen- 

e ra to r  t o  the l i g h t  s3urce. 

The l i g h t  pulse shape and i n t e n s i t y  were measured by a 56AW photo- 

Pulse 

Since fast-risring kigh-voltage pulses  a ~ e  required t o  

It i s  importmt khat the hcusing for the l i g h t  source be constructed 

of a good e l e c t r i c a l  canductor 

f o r  necessary l i g h t  output and 

since correct ions from the p in  

c i r c u i t s .  

Corona Lamp 

with the ape ra t i r e  as srnall as i s  cons is ten t  

t h a t  the  photomultiplier be w e l l  shielded 

base 'io the dyiiodes form good resonant 

a.tt Lawrence RadLation hbGra tory  cons is t s  

t2.tai:ate bead and a s m a l l  tz%%gsten wire. 

'T. G .  Isnes and Q. A. Kerns, A Pulsed Nawjsecond LighL Scurce, UCRL- 
9726 ( lgGl ) .  
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This s t ruc ture  i s  enclosed i n  a g lass  bulb and f i l l e d  with approximately 

1/2 a t m  of hydrogen gas. 

barium t i t ana te ,  f i e l d  emissior? cap. occur a t  r e l a t ive ly  low voltages.  

e lectrons produced i n i t i a t e  a discharge iz? the  hydrogen gas. The discharge 

ceases soon a f t e r  removal of the driving pulse; hence %he device i s  capable 

of produciicig very short  pulses o f  l i g h t .  

Due t o  the very high d i e l e c t r i c  constant of the 

The 

Tests of a commercial version of t h i s  lamp, however, have been some- 

what d i ~ a p p o i n t i n g . ~  

l i g h t  pulse, it i s  necessary t o  drive the lamp with a rectaxgular pos i t ive-  

going pulse. 

s l i g h t l y  greater  than the width of the driving pulse. The minimum driving 

pulse requirement i s  a 5OC-V 2-nsec wide pulse.  Figure 1 shows the  var ia-  

t i on  of the peak l i g h t  in tens i ty  as a function of the input pulse amplitude. 

(Calculations were based on cathode s e n s i t i v i t y  and gain data supplied by 

the  manufacturer f a r  the par t icu lar  tube used.) Light output f o r  a given 

input may vary by a f ac to r  of 3 between any two bulbs. 

pulse shape a t  the anode of a 56~w tube f o r  a 7-nsec driving pulse. 

spread i n  pulse height i s  more than twice as large as  t h a t  predicted by 

photomultiplier s t a t i s t i c s .  I n i t i a l  t e s t s  of  new bulbs show a spread i n  

pulse height as good as t h a t  quoted by Kerns2 (approximately 6%). 
a f t e r  several  hours of operation the amplitude spread de ter iora tes  t o  

2O-3O%. 

s t a b i l i t y  eliminates the use o f  t h i s  lamp as a reference l ight  source. 

In  order t o  achieve the bes t  rise and f a l l  of the 

The f u l l  width a t  ha l f  maximum (FWHM) of the l i g h t  pulse i s  

Figure 2 shows the 

The 

However, 

Although the shape of the l i g h t  pulse i s  nearly ideal ,  the  lack of 

Argon Ian2 

The argon l i g h t  source was developed a t  Lawrence Radiation Laboratory 

as a microsecond-duration l i g h t  pulser,  and uses a commercial argon lamp 

(AR-4 or AR-3) .  The lamp i s  biased so t h a t  approximately $LA of current  

flows through it continuously. A high-voltage rectangularly shaped pulse 

is applied across the  lamp t o  produce a pulse of  l i g h t .  Figure 3 i s  an 

e l e c t r f c  schematic of the argon l i g h t  source uni t .  Pulse widths between 5 
and 20 csec and amplitudes (positive-goiiig) betweei 700 arid 2400 V 

3Pek 118, Pek Laboratories, h e . ,  Palo A l t o ,  California.  



-6 - 

40-' 

5 

t 
I 

J 
(2 

Y 

W 
a 
a 

5 

2 

1 o - ~  

2-04-058-944 

FILTER 1 A CORONALAMP 
I 

i 

c 

400 800 4 200 1600 2000 2400 2800 
PULSE HEIGHT ACROSS THE LAMP (volts) 

Fig. 1. Peak Light In t ens i ty  vs Input Pulse Height. 
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Pig. 2. Corona hip P d s e  S h a ~ e  at Anode of a 56~w Photomultiplier Tuke. 
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3 .  Electric Schematic f o r  Argon Lamp. 
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(E1 i n  Fig. 3) can be used t o  drive the lamp. 

l i g h t  output f o r  a 1200-V 18-nsec pulse. The peak l i g h t  f l ux  i s  about 5 
times as large as f o r  the corona lamp. Spectral  analysis  of the  l i g h t  

output shows t h a t  most of the slowly decaying l i g h t  i s  i n  the near-ultra- 

v i o l e t  region. Simple op t i ca l  f i l t e r s  can be used t o  reduce the  decay time 

s ign i f i can t ly  with a corresponding reduction i n  peak l i g h t  f l ux  by a f ac to r  

of - 13. The pulse shape obtained by using a colored g lass  f i l t e r  (Corning 

No. 3387), which passes wavelengths grea te r  than 4100 A, i s  shown i n  Fig. 5. 
Closer invest igat ion showed t h a t  t he  op t i ca l  f i l t e r  i s  not  t o t a l l y  effec-  

t i v e  i n  eliminating the  slow decay. 

mul t ip l ie r  gain of 5 x lo8 i s  shown i n  Fig. 6, where it can be noted t h a t  

the lamp continues t o  emit several  photons f o r  many microseconds after the 

fas t  r i s e .  

res idua l  l i g h t  i n  the t a i l  i s  of t he  same wavelength as the  l i g h t  i n  the 

peak; therefore  the r a t i o  of the peak amplitude t o  the t a i l  amplitude cannot 

be fu r the r  improved by op t i ca l  f i l t e r i n g .  

Figure 4 shows the  t o t a l  

A s ingle  l i g h t  pulse f o r  a photo- 

More elaborate opt ica l  f i l t e r i n g  techniques ind ica te  t h a t  the 

The amplitude s t a b i l i t y  of both the t o t a l  l i g h t  and the f i l t e r e d  

l i g h t  output of the argon lamp i s  very good. 

s t a b i l i t y  of 0.5% FWHM over a 16-hr period w a s  observed. 

prec ise  measurement of the  temperature coef f ic ien t  w a s  undertaken, indi-  

cat ions are t h a t  it i s  of the order of -0.2%/”C. 

A t  constant temperature a 

Although no 

The shape of the f i l t e r e d  l i g h t  pulse i s  almost independent of the  

dr iving pulse width. Increasing the input pulse width from 5 t o  20 nsec 

increases the F4EX of t2he l i g h t  pulse only 2 nsec. The same increase i n  

pulse width produces only a 30% change i n  peak l i g h t  output. The l i g h t  

pulse shape does change with input pulse amplitude, as shown i n  Fig.  5. 
Neither the pulse shape nor the amplitude s t a b i l i t y  var ies  f o r  b i a s  cur- 

ren ts  i n  the  range 0.5 t o  2 PA. 
slowly varying function of the b i a s  current;  hence f o r  good s t a b i l i t y  a 

s t ab le  bias source i s  required. 

The peak l i g h t  output i s ,  however, a 

Neon Lamp 

Argon and neon lamps designed as indicator  bulbs a re  r e l a t i v e l y  low- 

pressure devices (20- t o  4-mm Hg). Both types of lamps exhib i t  the  long 



-10- 

2-04-058-947 

W 
W a 
5 
0 > 

TIME (200 nsec/division) 

Fig. 4. T o t a l  L i g h t  Output of Argon Lamp. 
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Fig. 5. F i l te red  Light Outputs Obtained with ( a )  1000-V 18-nsec- 
wide Driving Pulse and (b) 2400-V 18-nsec-wide Driving Pulse. 
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Fig. 6. Single Light Pulse. Photomultiplier gain 5 x lo8. 
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low-amplitude-decay ta i l .  A t  higher gas pressures the duration of t h i s  

decay i s  notably decreased. 

pressure neon lamp; which consis ts  of tungsten electrodes 0.8 mm i n  

diameter spaced approximately 0.5 mm apar t .  

Hg. 
above. 

evidenced by the tendency of the lamp t o  o s c i l l a t e  as it attempts t o  

reach a s tab le  operating point  a f t e r  each l i g h t  pulse. 

s t a b i l i t y  measurements have been made. 

Fig. 7) i s  due t o  poor e l e c t r i c a l  shielding of the photomultiplier. The 

peak l i g h t  output i s  about the same as the f i l t e r e d  l i g h t  from the argon 

Figure 7 shows the pulse shape of a high- 

The neon pressure w a s  190-mm 
The lamp w a s  operated i n  the same manner as the  argon lamp described 

Unfortunately the adjustment of the  b i a s  i s  qui te  c r i t i c a l ,  as 

No quant i ta t ive 

The precursor t o  the pulse (see 

lamp. 

C onc l u s  ions 

The charac te r i s t ics  of the l i g h t  sources tes ted  a re  summarized i n  

Table 1. The corona lamp produces the f a s t e s t  r i s e  and shor tes t  duration 

l i g h t  pulse, bu t  unfortunately the s t a b i l i t y  i s  very poor. The argon lamp 

possesses very good s t a b i l i t y ,  bu t  the long low-amplitude t a i l  may produce 

d i f f i c u l t i e s  i n  high-gain systems. The s t a b i l i t y  of the neon lamp w a s  ob- 

served t o  be much b e t t e r  than tha t  of the  corona lamp, and t e s t s  a re  planned 

t o  determine whether it i s  superior t o  t h a t  of the argon lamp. 

4Bulb designed by J. H. Todd, Instrumentation and Controls Division. 
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Fig. 7. Pulse Shape of High-pressure Neon Lamp. 
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c Table 1. Comparison of Characteristics for Corona, 
Argon, and Neon Light Sources 

Characteristics Corona Argon Ne on 

Light OU’G~U~;, 1 x iom2 to 2 x low3 to 4 x to 
luneiis / s  teradia2 11 i( 4 x 3 x lo-2 

a Light pulse shape, nsec 

R i s e  time (10-90%) 2.5 3.5 4.0 
Fall time (10-905) 3-5 25 to 60 25 

Light output due to bias 
current, lumens/steradian 

Driving pulse requirements 

Width, nsec 
Amplitude 

3 x 4 x 

2 to 20 5 to 20 5 to 10 
500 to 2000 TOO to 2400 350 to 950 

?Pulse shape as measured at the anode of a 56AW photomultiplier 
tube. 
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